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ENCODING MULTIPLE MESSAGES IN 
AUDIO DATA AND DETECTING SAME 

FIELD OF THE INVENTION 

The present invention relates to apparatus and methods 
for including multiple overlapping encoded messages in 
audio data and decoding such encoded messages. 

BACKGROUND OF THE INVENTION 

There are many reasons to encode an inaudible message 
in audio data and many groups Would like to have access to 
such technology. A group With such an interest is the group 
of copyright oWners. Copyright oWners Would like such an 
encoding technique to facilitate copyright enforcement and 
protection. Copyright enforcement Would be facilitated by 
encoding pieces of copyrighted Works With a Watermark to 
provide oWnership information for copyright enforcement. 
Alternatively, the copyrights of a Work may be protected by 
a copy protection scheme, e. g. encryption keys encoded onto 
the audio data, Which Would prevent unauthoriZed use of the 
protected matter. 

Another group With an interest in using inaudible mes 
sages encoded into audio data Would be the group of audio 
listeners. The encoding Would provide listeners With useful 
information about the programs they are listening to Without 
affecting the audio experience. For example, the names of 
the performers, the name of the performance, or the name of 
the broadcaster may be given and relayed to the listener via 
the listener’s receiver. 

Still another group With an interest in the encoding of 
inaudible messages into audio data Would be market 
researchers Who make use of audience estimating 
techniques, as Well as customer loyalty programs, commer 
cial veri?cation functionality and program identi?cation. 
Inaudible messages encoded into broadcast or recorded 
audio are particularly useful in implementing such tech 
niques and activities. 

Yet still another group With an interest in the encoding of 
inaudible messages into audio data Would be those seeking 
additional bandWidth to communicate data that is totally 
unrelated to the audio data. For example, telecommunica 
tions companies could utiliZe the bandWidth to carry their 
data and/or neWs organiZations could relay real time neWs 
such as breaking headlines or stock quotes. 

There are many other good reasons that other interested 
groups have for the encoding of inaudible messages into 
audio data. One problem encounterd in attempting to encode 
multiple messages inaudibly Within audio data is that there 
is only a limited amount of bandWidth available for this 
purpose. 

The limited bandWidth is due to the fact that audio data 
can only receive a ?nite amount of energy in the encoding 
process before the encoding becomes audible. This level of 
acceptable ancillary data energy in audio data is application 
dependent. For example, in high ?delity applications such as 
music distribution or broadcasting, the messages must be 
keep inaudible. HoWever, in certain other applications such 
as voice data communication, e.g. cell phone 
communications, the constraints on the amount of accept 
able ancillary data energy in the audio data are less rigorous. 
The bandWidth limitations due to these constraints are 
further restricted by the administrative load imposed by 
error detection and correction data, marker data, sync data, 
address data and the like. 

10 

15 

25 

35 

40 

45 

55 

65 

2 
A further problem arises in applications requiring the 

encoding of one or more messages in audio data that is 
already encoded With another message. This is desired in 
certain broadcast and recording applications, such as audi 
ence measurement, commercial and netWork clearance, and 
content identi?cation. It has been proposed to reserve dif 
ferent respective time intervals along the time base of the 
audio data for encoding of plural messages at various levels 
of distribution (for example, at the production level, the 
netWork level and the local af?liate level). Such time divi 
sion multiplexing of encoded messages substantially 
restricts bandWidth available for each of the messages and 
requires a reliable means of determining in each case the 
permissible time interval for inserting each different mes 
sage. 

Accordingly, What is needed is a Way to encode multiple 
messages inaudibly in audio data in Which one or more such 
messages are encoded in the audio data at different times 
and/or levels of distribution Which achieves desirably high 
bandWidth and is easily implemented. 

It is also desired to provide expanded data communication 
capability in the limited bandWidth available for ancillary 
data in an audio channel. It is desired, therefore, to increase 
the bandWidth afforded by an audio channel to communicate 
information in the form of ancillary data encoded in the 
audio data, so that the encoded ancillary data remains 
inaudible or beneath an acceptable level of audibility When 
the audio data is reproduced acoustically. 

SUMMARY OF THE INVENTION 

For this application the folloWing terms and de?nitions 
shall apply, both for the singular and plural forms of nouns 
and for all verb tenses: 

The term “data” as used herein means any indicia, signals, 
marks, domains, symbols, symbol sets, representations, and 
any other physical form or forms representing information, 
Whether permanent or temporary, Whether visible, audible, 
acoustic, electric, magnetic, electromagnetic, or otherWise 
manifested. The term “data” as used to represent particular 
information in one physical form shall be deemed to encom 
pass any and all representations of the same particular 
information in a different physical form or forms. 

The term “audio data” as used herein means any data 
representing acoustic energy, including, but not limited to, 
audible sounds, regardless of the presence of any other data, 
or lack thereof, Which accompanies, is appended to, is 
superimposed on, or is otherWise transmitted or able to be 
transmitted With the audio data. 
The term “processor” as used herein means data process 

ing devices, apparatus, programs, circuits, systems, and 
subsystems, Whether implemented in hardWare, softWare, or 
both, and Whether used to process data in analog or digital 
form. 
The terms “communicate” and “communicating” as used 

herein include both conveying data from a source to a 
destination, as Well as delivering data to a communications 
medium, system or link to be conveyed to a destination. The 
term “communication” as used herein means the act of 

communicating or the data communicated, as appropriate. 
The terms “coupled”, “coupled to”, and “coupled With” as 

used herein each mean a relationship betWeen or among tWo 
or more devices, apparatus, ?les, programs, media, 
components, netWorks, systems, subsystems, and/or means, 
constituting any one or more of (a) a connection, Whether 
direct or through one or more other devices, apparatus, ?les, 
programs, media, components, netWorks, systems, 
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subsystems, or means, (b) a communications relationship, 
Whether direct or through one or more other devices, 
apparatus, ?les, programs, media, components, networks, 
systems, subsystems, or means, or (c) a functional relation 
ship in Which the operation of any one or more of the 
relevant devices, apparatus, ?les, programs, media, 
components, netWorks, systems, subsystems, or means 
depends, in Whole or in part, on the operation of any one or 
more others thereof. 

In accordance With an aspect of the present invention, a 
method is provided for encoding audio data With a message, 
the audio data having a preexisting message encoded therein 
comprising a sequence of preexisting message symbols, the 
preexisting message symbols each comprising a distinguish 
able combination of substantially single-frequency compo 
nents having frequencies selected from a prede?ned set of 
substantially single-frequency values. The method com 
prises: providing data de?ning a plurality of further message 
symbols each comprising a combination of substantially 
single-frequency components selected from the prede?ned 
set of substantially single-frequency values distinguishable 
from the combinations of all others of the further message 
symbols; at least some of the substantially single-frequency 
components included in the further message symbols having 
the same frequency as at least some of the substantially 
single-frequency components included in the preexisting 
message symbols; and encoding the audio data With a further 
message comprising a sequence of the further message 
symbols such that at least some of the further message 
symbols of the further message coexist With at least some of 
the preexisting message symbols of the preexisting message 
along a time base of the audio data. 

In accordance With a further aspect of the present 
invention, a method is provided for encoding audio data With 
a message, the audio data having a preexisting message 
therein comprising a sequence of preexisting message 
symbols, the preexisting message symbols each comprising 
a combination of substantially single-frequency components 
having frequencies selected from a prede?ned set of sub 
stantially single-frequency values and a prede?ned symbol 
interval Within a time base of the audio data. The method 
comprises: providing data de?ning a plurality of further 
message symbols each comprising a combination of sub 
stantially single-frequency values selected from a prede?ned 
set of substantially single-frequency values; and encoding 
the audio data With a further message comprising a sequence 
of the further message symbols such that at least some of the 
further message symbols of the further message coexist With 
at least some of the preexisting message symbols of the 
preexisting message along the time base of the audio data; 
the further message as encoded being arranged Within the 
time base of the audio data so that: (a) the further message 
symbols have symbol intervals differing from the symbol 
intervals of the preexisting message symbols; (b) the further 
message has a time offset With respect to the preexisting 
message; and/or (c) the further message has a duration 
differing from a duration of the preexisting message. 

In accordance With another aspect of the present 
invention, a method is provided for encoding audio data With 
?rst and second messages each comprising a sequence of 
?rst and second message symbols, respectively, each com 
prising a combination of substantially single-frequency 
components having a frequency selected from a prede?ned 
set of substantially single-frequency values, comprising: 
providing data de?ning the ?rst and second message sym 
bols each comprising a combination of substantially single 
frequency components selected from the prede?ned set of 
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4 
substantially single-frequency values distinguishable from 
the combinations of all others of the ?rst and second 
message symbols; at least some of the substantially single 
frequency components included in the ?rst message symbols 
having the same frequency as at least some of the substan 
tially single-frequency components included in the second 
message symbols; and encoding the audio data With the ?rst 
and second messages each comprising a sequence of the ?rst 
and second message symbols, respectively, such that at least 
some of the ?rst message symbols of the ?rst message 
coexist With at least some of the second message symbols of 
the second message along a time base of the audio data. 

In accordance With a still further aspect of the present 
invention, a method is provided for encoding audio data With 
a message, the audio data having a preexisting message 
encoded therein comprising a sequence of preexisting mes 
sage symbols in a ?rst predetermined format, the preexisting 
message symbols each comprising a distinguishable com 
bination of substantially single-frequency components 
selected from a prede?ned set of substantially single 
frequency values. The method comprises: detecting the ?rst 
predetermined format of the preexisting message symbols; 
selecting a second predetermined format for encoding a 
further message in the audio data comprising a sequence of 
further message symbols so that the second predetermined 
format of the further message symbols differs from the ?rst 
predetermined format of the preexisting message symbols, 
each of the further message symbols comprising a distin 
guishable combination of substantially single-frequency 
components selected from the prede?ned set; and encoding 
the audio data With the further message symbols in the 
second predetermined format so that at least some of the 
further message symbols of the further message symbols 
coexist With at least some of the preexisting message sym 
bols of the preexisting message along a time base of the 
audio data. 

In accordance With still another aspect of the present 
invention, a method is provided for detecting a ?rst message 
and a second message encoded in audio data as a sequence 
of ?rst and second message symbols, respectively, at least 
some of the ?rst message symbols coexisting With at least 
some of the second message symbols along a time base of 
the audio data, each of the ?rst and second message symbols 
comprising a combination of substantially single-frequency 
components having frequencies selected from a prede?ned 
set of substantially single-frequency values, the ?rst mes 
sage being distinguished from the second message by at 
least one of (a) differing message symbol intervals along the 
time base of the audio signal, (b) differing message lengths 
along the time base of the audio signal, and (c) an offset of 
the ?rst message from the second message along the time 
base of the audio signal. The method comprises: detecting 
the ?rst message symbols based on the at least one of 
differing message symbol intervals of the ?rst and second 
messages, differing message lengths of the ?rst and second 
messages and an offset of the ?rst message from the second 
message; and detecting the second message symbols based 
on the at least one of differing message symbol intervals of 
the ?rst and second messages, differing message lengths of 
the ?rst and second messages and an offset of the ?rst 
message from the second message. 

In accordance With a still further aspect of the present 
invention, a method is provided for encoding audio data With 
?rst and second messages each comprising a sequence of 
?rst and second message symbols, respectively. The method 
comprises: providing data de?ning the ?rst and a second 
message symbols to comprise a combination of substantially 
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single-frequency values selected from a prede?ned set of 
substantially single-frequency values; and encoding the 
audio data With the sequences of ?rst and second message 
symbols of the ?rst and second messages such that at least 
some of the ?rst and second message symbols coexist along 
a time base of the audio data; the sequences of ?rst and 
second message symbols as encoded being arranged Within 
the time base of the audio data so that: (a) the ?rst message 
symbols have symbol intervals differing from symbol inter 
vals of the second message symbols; (b) the ?rst message 
has a time offset With respect to the second message; and/or 
(c) the ?rst message has a duration differing from the 
duration of the second message. 

In accordance With yet still another aspect of the present 
invention, a method is provided for detecting a ?rst message 
and a second message encoded in audio data as a sequence 
of ?rst and second message symbols, respectively, at least 
some of the ?rst message symbols coexisting With at least 
some of the second message symbols along a time base of 
the audio data, each of the ?rst and second message symbols 
comprising a combination of substantially single-frequency 
components having frequencies selected from a prede?ned 
set of substantially single-frequency values, at least some of 
the substantially single-frequency components included in 
the ?rst message symbols having the same frequency as at 
least some of the substantially single-frequency components 
included in the second message symbols. The method com 
prises: detecting the substantially single-frequency compo 
nents of the ?rst message symbols, including the substan 
tially single-frequency components thereof having the same 
frequency as components included in the second message 
symbols; detecting the ?rst message symbols based on the 
detected substantially single-frequency components thereof; 
detecting the substantially single-frequency components of 
the second message symbols, including the substantially 
single-frequency components thereof having the same fre 
quency as components included in the ?rst message sym 
bols; and detecting the second message symbols based on 
the detected substantially single-frequency components 
thereof. 

In accordance With a yet still further aspect of the present 
invention, a system is provided for encoding audio data With 
a message, the audio data having a preexisting message 
encoded therein comprising a sequence of preexisting mes 
sage symbols, the preexisting message symbols each com 
prising a distinguishable combination of substantially 
single-frequency components having frequencies selected 
from a prede?ned set of substantially single-frequency val 
ues. The system comprises: means for providing data de?n 
ing a plurality of further message symbols each comprising 
a combination of substantially single-frequency components 
selected from the prede?ned set of substantially single 
frequency values distinguishable from the combinations of 
all others of the further message symbols; at least some of 
the substantially single-frequency components included in 
the further message symbols having the same frequency as 
at least some of the substantially single-frequency compo 
nents included in the preexisting message symbols; and 
means for encoding the audio data With a further message 
comprising a sequence of the further message symbols such 
that at least some of the further message symbols of the 
further message coexist With at least some of the preexisting 
message symbols of the preexisting message along a time 
base of the audio data. 

In accordance With another aspect of the present 
invention, a system is provided for encoding audio data With 
a message, the audio data having a preexisting message 
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6 
therein comprising a sequence of preexisting message 
symbols, the preexisting message symbols each comprising 
a combination of substantially single-frequency components 
having frequencies selected from a prede?ned set of sub 
stantially single-frequency values and a prede?ned symbol 
interval Within a time base of the audio data. The system 
comprises: means for providing data de?ning a plurality of 
further message symbols each comprising a combination of 
substantially single-frequency values selected from a pre 
de?ned set of substantially single-frequency values; and 
means for encoding the audio data With a further message 
comprising a sequence of the further message symbols such 
that at least some of the further message symbols of the 
further message coexist With at least some of the preexisting 
message symbols of the preexisting message along the time 
base of the audio data; the further message as encoded being 
arranged Within the time base of the audio data so that: (a) 
the further message symbols have symbol intervals differing 
from the symbol intervals of the preexisting message sym 
bols; (b) the further message has a time offset With respect 
to the preexisting message; and/or (c) the further message 
has a duration differing from a duration of the preexisting 
message. 

In accordance With yet another aspect of the present 
invention, a system is provided for encoding audio data With 
?rst and second messages each comprising a sequence of 
?rst and second message symbols, respectively, each com 
prising a combination of substantially single-frequency 
components having a frequency selected from a prede?ned 
set of substantially single-frequency values. The system 
comprises: means for providing data de?ning the ?rst and 
second message symbols each comprising a combination of 
substantially single-frequency components selected from the 
prede?ned set of substantially single-frequency values dis 
tinguishable from the combinations of all others of the ?rst 
and second message symbols; at least some of the substan 
tially single-frequency components included in the ?rst 
message symbols having the same frequency as at least 
some of the substantially single-frequency components 
included in the second message symbols; and means for 
encoding the audio data With the ?rst and second messages 
each comprising a sequence of the ?rst and second message 
symbols, respectively, such that at least some of the ?rst 
message symbols of the ?rst message coexist With at least 
some of the second message symbols of the second message 
along a time base of the audio data. 

In accordance With yet still another aspect of the present 
invention, a system is provided for encoding audio data With 
a message, the audio data having a pre-existing message 
encoded therein comprising a sequence of preexisting mes 
sage symbols in a ?rst predetermined format, the preexisting 
message symbols each comprising a distinguishable com 
bination of substantially single-frequency components 
selected from a prede?ned set of substantially single 
frequency values. The system comprises: means for detect 
ing the ?rst predetermined format of the preexisting message 
symbols; means for selecting a second predetermined format 
for encoding a further message in the audio data comprising 
a sequence of further message symbols so that the second 
predetermined format of the further message symbols differs 
from the ?rst predetermined format of the preexisting mes 
sage symbols, each of the further message symbols com 
prising a distinguishable combination of substantially 
single-frequency components selected from the prede?ned 
set; and means for encoding the audio data With the further 
message symbols in the second predetermined format so that 
at least some of the further message symbols of the further 
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message coexist With at least some of the preexisting mes 
sage symbols of the pre-existing message along a time base 
of the audio data. 

In accordance With a further aspect of the present 
invention, a system is provided for detecting a ?rst message 
and a second message encoded in audio data as a sequence 
of ?rst and second message symbols, respectively, at least 
some of the ?rst message symbols coexisting With at least 
some of the second message symbols along a time base of 
the audio data, each of the ?rst and second message symbols 
comprising a combination of substantially single-frequency 
components having frequencies selected from a prede?ned 
set of substantially single-frequency values, the ?rst mes 
sage being distinguished from the second message by at 
least one of (a) differing message symbol intervals along the 
time base of the audio signal, (b) differing message lengths 
along the time base of the audio signal, and (c) an offset of 
the ?rst message from the second message along the time 
base of the audio signal, comprising: means for detecting the 
?rst message symbols based on the at least one of differing 
message symbol intervals of the ?rst and second messages, 
differing message lengths of the ?rst and second messages 
and an offset of the ?rst message from the second message; 
and means for detecting the second message symbols based 
on the at least one of differing message symbol intervals of 
the ?rst and second messages, differing message lengths of 
the ?rst and second messages and an offset of the ?rst 
message from the second message. 

In accordance With a still further aspect of the present 
invention, a system is provided for encoding audio data With 
?rst and second messages each comprising a sequence of 
?rst and second message symbols, respectively. The system 
comprises: means for providing data de?ning the ?rst and 
second message symbols to comprise a combination of 
substantially single-frequency values selected from a pre 
de?ned set of substantially single-frequency values; and 
means for encoding the audio data With the sequences of ?rst 
and second message symbols of the ?rst and second mes 
sages such that at least some of the ?rst and second message 
symbols coexist along a time base of the audio data; the 
sequences of ?rst and second message symbols as encoded 
being arranged Within the time base of the audio data so that: 
(a) the ?rst message symbols have symbol intervals differing 
from symbol intervals of the second message symbols; (b) 
the ?rst message has a time offset With respect to the second 
message; and/or (c) the ?rst message has a duration differing 
from the duration of the second message. 

In accordance With a yet still further aspect of the present 
invention, a system is provided for detecting a ?rst message 
and a second message encoded in audio data as a sequence 
of ?rst and second message symbols, respectively, at least 
some of the ?rst message symbols coexisting With at least 
some of the second message symbols along a time base of 
the audio data, each of the ?rst and second message symbols 
comprising a combination of substantially single-frequency 
components having frequencies selected from a prede?ned 
set of substantially single-frequency values, at least some of 
the substantially single-frequency components included in 
the ?rst message symbols having the same frequency as at 
least some of the substantially single-frequency components 
included in the second message symbols. The system com 
prises: means for detecting the substantially single 
frequency components of the ?rst message symbols, includ 
ing the substantially single-frequency components thereof 
having the same frequency as components included in the 
second message symbols; means for detecting the ?rst 
message symbols based on the detected substantially single 
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8 
frequency components thereof; means for detecting the 
substantially single-frequency components of the second 
message symbols, including the substantially single 
frequency components thereof having the same frequency as 
components included in the ?rst message symbols; and 
means for detecting the second message symbols based on 
the detected substantially single-frequency components 
thereof. 

The invention and its particular features and advantages 
Will become more apparent from the folloWing detailed 
description considered With reference to the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram of a communications 
system incorporating an encoder and receiver/decoder in 
accordance With certain embodiments of the present inven 
tion; 

FIG. 2 is an overvieW of an encoding process in accor 
dance With certain embodiments of the present invention; 

FIGS. 2A and 2B illustrate exemplary symbol sequences 
for ?rst and second messages, respectively, to be encoded in 
audio data; 

FIGS. 2C and 2D illustrate exemplary schemes for assign 
ing substantially single-frequency components to the sym 
bols of the ?rst and second messages of FIGS. 2A and 2B; 

FIGS. 2E through 21 illustrate examples of multiple 
messages encoded in audio data by means of various 
embodiments of the present invention; 

FIG. 3 is an overvieW of an embodiment of a decoding 
process and system using multiple buffers in accordance 
With certain embodiments of the present invention; 

FIG. 4 is an overvieW of another embodiment of a 
decoding process and system using a single buffer; 

FIG. 5 is an overvieW of a process for encoding tWo 
messages in audio data in accordance With certain embodi 
ments of the present invention; 

FIG. 6 is an overvieW of a further embodiment of an 
encoding process and system for encoding tWo messages in 
audio data; 

FIG. 7 is an overvieW of a process and system for 
encoding multiple messages in time domain audio data in 
accordance With certain embodiments of the present inven 
tion; 

FIG. 8 is an overvieW of a process in accordance With 
certain embodiments of the present invention for encoding 
multiple messages in audio data so that the messages are 
repeated continuously in the audio data; 

FIG. 9 is an overvieW of an analog process and system for 
encoding multiple messages in analog audio data in accor 
dance With certain embodiments of the present invention; 
and 

FIG. 10 is an overvieW of an encoder in accordance With 
certain embodiments of the present invention implemented 
by means of a processor. 

DETAILED DESCRIPTION OF CERTAIN 
ADVANTAGEOUS EMBODIMENTS 

Methods and systems are provided for encoding multiple 
messages in audio data. In certain embodiments one or more 
such messages are encoded into audio data having a previ 
ously encoded message therein. In certain other 
embodiments, tWo or more messages are encoded into audio 
data that contains no previously encoded message. Each of 
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tWo or more messages encoded in the same time interval of 
the audio data has a different format or symbol set to enable 
the messages to be separately decoded. Each such different 
format or symbol set characteriZes a distinct separately 
decodable message space or message layer. 

In certain embodiments of the invention, multiple mes 
sages are encoded in compressed audio data. In particular 
ones of these embodiments the encoding of compressed 
audio is accomplished by modifying existing frequency 
representations of the audio data. In certain embodiments 
uncompressed audio data is encoded. 

Embodiments of the invention are provided to encode 
multiple messages in audio data in the frequency domain in 
any of multiple formats, e.g. compressed or uncompressed, 
Whether previously encoded or unencoded. Embodiments 
are also provided to encode multiple messages into audio 
data in the time domain in any of multiple formats, e.g. 
compressed or uncompressed, and Whether previously 
encoded or unencoded. 

Certain embodiments encode multiple simultaneous mes 
sages While reusing frequency components selected from the 
same set of frequencies by assigning the reused frequency 
components in different combinations in the tWo different 
message layers. By reusing frequency components, the 
system’s bandWidth increases because more symbols may be 
encoded in a given interval of the audio data. 

In certain embodiments, one or more messages are 
encoded in audio data having one or more messages encoded 
therein, utiliZing different message lengths for the various 
messages, differing symbol intervals in different messages, 
differing offsets of the various messages from one another 
and/or different combinations of frequency components 
assigned to their respective symbols. In certain embodi 
ments the multiple messages are detected based on their 
differing message lengths, differing symbol intervals, dif 
fering message offsets and/or symbol frequency component 
combinations. 

In certain embodiments, encoded messages that share 
frequency components are decoded. The decoder accumu 
lates the energy for each message symbol into a buffer and 
then uses a predetermined symbol/frequency component 
combination relationship to interpret the accumulated 
energy in the buffer thereby identifying the substantially 
single-frequency components. Once the substantially single 
frequency components are identi?ed, the symbol and then 
the message can be reconstructed. 

FIG. 1 is an overvieW of encoding and decoding processes 
and systems in accordance With certain embodiments of the 
invention. The audio data represented in FIG. 1 can come in 
many forms. The audio data can be in a compressed or 
uncompressed format. The audio data can be previously 
encoded or unencoded. The audio data can be represented in 
the time domain or the frequency domain. The audio data 
can also have any combination of the foregoing audio data 
forms. 

Audio data, regardless of its form as described above, 
enters the system through a communications interface 100. 
This communications interface 100 utiliZes any of the 
readily available technologies such as a serial port, parallel 
port, coaxial cable, tWisted Wire, infrared port, optical cable, 
microWave link, rf, Wireless port, satellite link or the like. 

The audio data then enters encoder 104 from communi 
cations interface 100. In encoder 104, in one mode of 
operation the audio data is encoded With multiple messages 
that share substantially single-frequency components. In 
another, the audio data as received by encoder 104 has a 
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10 
message encoded therein and encoder 104 encodes one or 
more additional messages in the audio data. The encoded 
audio data is then communicated via a communication 
interface 108. The communication interface 108 can come in 
any of multiple forms such as radio broadcasts, television 
broadcasts, DVDs, MP3s, compact discs, streaming music, 
streaming video, netWork data, mini-discs, multimedia 
presentations, VHS tapes, personal address systems or the 
like. Receiver 112 then receives the communicated encoded 
audio data. 

Receiver 112 possesses a decoder to detect the encoded 
messages. As a result of the ability to retrieve the encoded 
messages, the receiver 112 can therefore possess a myriad of 
functionality. Functionality such as the relaying of 
information, eg providing the performing artist’s name or 
providing audience estimating information, or controlling 
access, eg an encryption key scheme, or data transport, eg 
using the encoded messages as an alternate communications 
channel. The receiver 112 can possess the ability to repro 
duce the audio data but this is not essential. For example, a 
receiver 112 used for gathering audience estimate data can 
receive the audio data in acoustic form, in electrical form or 
otherWise from a separate receiver. In the case of an encryp 
tion key scheme, the reproduction of the audio data for an 
encryption key holder is the objective. 

FIG. 2 is an overvieW of encoding processes and systems 
according to certain embodiments of the invention. Block 
116 illustrates a number of preliminary operations 120, 124 
and 128 Which are carried out in preparation for encoding 
one or more messages into audio data. As indicated by 
operation 120, the content of a message to be encoded is 
de?ned. In certain embodiments this is achieved by selecting 
from a plurality of prede?ned messages, While in others the 
content of the message is de?ned through a user input or by 
data received from a further system. In still others the 
identity of the message content is ?xed. 

Once the content of the message is knoWn, a sequence of 
symbols is assigned to represent the message as indicated at 
128. The symbols are selected from a prede?ned set or 
alphabet of code symbols. In certain embodiments the 
symbol sequences are preassigned to corresponding pre 
de?ned messages. When a message to be encoded is ?xed, 
as in a station ID message, operations 120 and 128 prefer 
ably are combined to de?ne a single invariant message 
symbol sequence. 

Operation 124 assigns a plurality of substantially single 
frequency code components to each of the message symbols. 
When the message is encoded, each symbol of the message 
is represented in the audio data by its corresponding plural 
ity of substantially single-frequency code components. Each 
of such code components occupies only a narroW frequency 
band so that it may be distinguished from other such 
components as Well as noise With a suf?ciently loW prob 
ability of error. It is recogniZed that the ability of an encoder 
or decoder to establish or resolve data in the frequency 
domain is limited, so that the substantially single-frequency 
components are represented by data Within some ?nite or 
narroW frequency band. Moreover, there are circumstances 
in Which is advantageous to regard data Within a plurality of 
frequency bands as corresponding to a substantially single 
frequency component. This technique is useful Where, for 
example, the component may be found in any of several 
adjacent bands due to frequency drift, variations in the speed 
of a tape or disk drive, or even as the result of an incidental 
or intentional frequency variation inherent in the design of 
a system. 

FIGS. 2A through 2D illustrate ?rst and second exem 
plary messages as speci?ed by certain embodiments of the 
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operations 120, 124 and 128 of FIG. 2. FIG. 2A illustrates 
a message symbol sequence A, B, C and D speci?ed by 
operation 128 to encode a ?rst exemplary message to be 
encoded, While FIG. 2B illustrates a message symbol 
sequence J, K, L and M speci?ed by operation 128 to encode 
a second exemplary message. FIG. 2C is a table illustrating 
an exemplary assignment of four substantially single 
frequency components to each of the symbols A, B, C and 
D. Depending on the application each of the symbols A, B, 
C and D is represented by a suf?cient number of frequency 
components to insure a suf?ciently loW probability of error 
When the symbols are detected, Which thus may be more or 
less than four such frequency components. In certain advan 
tageous embodiments, the frequency components of the 
symbols A, B, C and D are selected from a prede?ned set of 
substantially single-frequency values f1, f2, . . . fn (Where 
n=16 in this example) so that none of such values is included 
in more than one of the symbols A, B, C or D. This 
component assignment scheme provides a particularly effec 
tive means of distinguishing each of the symbols A, B, C, 
and D from all others in the ?rst message. HoWever, in 
certain other embodiments one or more components are 

shared among tWo or more of the symbols of the ?rst 
message. 

FIG. 2D is a table illustrating an assignment of four 
substantially single-frequency components selected from the 
same prede?ned set f1, f2, . . . fn as in FIG. 2C to the second 
message symbols J, K, L and M. The frequencies assigned 
to each of the symbols J, K, L and M are selected from a 
prede?ned set so that no more than one substantially single 
frequency component included in any of the symbols J, K, 
L and M is also included in any of the symbols A, B, C and 
D. HoWever, in certain other embodiments tWo or more 
substantially single-frequency components included in ones 
of the ?rst message symbols are also included in ones of the 
second message symbols. Moreover, in certain advanta 
geous embodiments, none of the frequency components 
assigned to any one of the symbols J, K, L and M is included 
in any other one of such symbols. FIG. 2D illustrates such 
a frequency assignment scheme. HoWever, in certain other 
embodiments one or more components are shared among 

tWo or more of the symbols of the second message. 
In certain advantageous embodiments each of the symbols 

included in the ?rst message has the same number of 
frequency components as each of the symbols in the second 
message. It Will be seen from FIGS. 2C and 2D that by 
assigning the same number of frequency components to all 
of the symbols in both of the ?rst and second messages, it 
is possible to optimiZe the reuse of frequency components 
betWeen the symbols of the ?rst and second messages, While 
maintaining complete frequency diversity among the sym 
bols Within each of the messages. It Will also be seen from 
the foregoing that this technique Which reuses frequency 
components in symbols of different messages enables the 
bandWidth of the ancillary data to be doubled When the tWo 
messages coexist along the time base of the audio data. In 
other embodiments, the number of frequency components 
included in each of the symbols of the ?rst message differs 
from the number included in each of the second message 
symbols. In still others, at least tWo of the message symbols 
in the ?rst and/or in the second message have differing 
numbers of frequency components. Moreover, in certain 
embodiments different numbers of components are included 
in different symbols of one or both messages. 

In certain embodiments several further message param 
eters are selected singly or in combination in order to ensure 
that the ?rst and second messages can be separately 
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12 
decoded. Block 132 represents multiple operations Which 
serve to determine parameters of the message to be encoded 
either to distinguish it from a message previously encoded in 
the audio data or from one or more further messages also 
being encoded therein at the same time. One such parameter 
is the symbol interval, selected in operation 140 of FIG. 2. 
FIG. 2E illustrates an example of hoW this operation can be 
carried out for distinguishing the ?rst and second messages 
described above in connection With FIGS. 2A—2D. In FIG. 
2E, as Well as FIGS. 2F—2I, the horiZontal dimension 
represents the time base of the encoded audio data. In certain 
embodiments one of the ?rst and second messages is already 
encoded in the audio data When it is received by the encoder. 
In certain ones of these embodiments, a decoder is included 
to decode the previously encoded message as an aid to 
setting the parameters of the message to be encoded. In other 
embodiments or in alternative modes of operation, both of 
the ?rst and second messages are encoded in the audio data 
by the encoder. In this latter case, the received audio data 
may either be unencoded When received or previously 
encoded With a further message. 

In FIG. 2E, for the ?rst message arranged in a message 
layer indicated at 21 the intervals for the message symbols 
A, B, C and D are selected as 0.5 second, While in the second 
message arranged in a message layer indicated at 24 the 
intervals for the message symbols J, K, L and M are selected 
as 0.3 second. By selecting the symbol intervals, as in this 
example, such that the symbol intervals in one message layer 
are not an integer multiple of the symbol intervals in the 
other the symbol intervals in the ?rst and second messages 
are seldom aligned, so that the tWo messages are more 

readily detected separately. HoWever, in other embodiments, 
different symbol intervals are selected and in some cases 
symbol intervals are provided for the ?rst message Which are 
integer multiples of symbol intervals in the second message. 

In certain embodiments the intervals of symbols Within 
one or both messages can overlap to provide even greater 
bandWidth. An example of such a message symbol arrange 
ment effected by the operation 140 is illustrated in FIG. 2F, 
in Which the symbols of the second message have a 50 
percent overlap With the each of the folloWing and preceding 
symbols. In the alternative, the symbols of one or more of 
the messages may be separated so that gaps are provided 
betWeen the symbols thereof. An example of this encoding 
arrangement is provided in FIG. 2G in Which the symbols J, 
K, L and M are separated from one another by gaps 30 along 
the time base of the audio data. 

Operation 144 of FIG. 2 provides the ability to introduce 
an offset betWeen the ?rst and second messages to assist in 
distinguishing them especially in those embodiments in 
Which the message durations and/or symbol intervals are the 
same. FIG. 2H illustrates an example of encoding With an 
offset O betWeen the ?rst message 20 and a modi?ed form 
of the second message J, X, K and L indicated at 34. 
Although not required in all applications, the second mes 
sage includes a marker symbol X Which has a ?xed position 
in the message regardless of its informational content and is 
included through operation 136 in FIG. 2. This enables the 
receiver/decoder 112 of FIG. 1 to determine the times of 
occurrence of each of the symbols J, K and L. The marker 
symbol X, like the other symbols, comprises a combination 
of substantially single-frequency values selected from the 
prede?ned set thereof. Because the offset O betWeen the tWo 
messages is ?xed and knoWn, it is used along With the 
marker symbol X by the receiver/decoder 112 in this 
example to locate the symbols A, B, C and D along the time 
base and detect them. In certain embodiments the offset O is 






















